Bone marrow mechanotransduction in porcine explants alters kinase activation and enhances trabecular bone formation in the absence of osteocyte signaling.
Bone is a dynamic tissue that can adapt its architecture in response to mechanical signals under the control of osteocytes, which sense mechanical deformation of the mineralized bone. However, cells in the marrow are also mechanosensitive and may contribute to load-induced bone adaptation, as marrow is subjected to mechanical stress during bone deformation. We investigated the contribution of mechanotransduction in marrow cells to trabecular bone formation by applying low magnitude mechanical stimulation (LMMS) to porcine vertebral trabecular bone explants in an in situ bioreactor. The bone formation rate was higher in stimulated explants compared to unloaded controls which represent a disuse condition (CNT). However, sclerostin protein expression in osteocytes was not different between groups, nor was expression of osteocytic mechanoregulatory genes SOST, IGF-1, CTGF, and Cyr61, suggesting the mechanoregulatory program of osteocytes was unaffected by the loading regime. In contrast, c-Fos, a gene indicative of mechanical stimulation, was upregulated in the marrow cells of mechanically stimulated explants, while the level of activated c-Jun decreased by 25%. The activator protein 1 (AP-1) transcription factor is a heterodimer of c-Fos and c-Jun, which led us to investigate the expression of the downstream target gene cyclin-D1, a gene associated with cell cycle progression and osteogenesis. Cyclin-D1 gene expression in the stimulated marrow was approximately double that of the controls. The level of phosphorylated PYK2, a purported inhibitor of osteoblast differentiation, also decreased in marrow cells from stimulated explants. Taken together, mechanotransduction in marrow cells induced trabecular bone formation independent of osteocyte signaling. Identifying the specific cells and signaling pathways involved, and verifying them with inhibition of specific signaling molecules, could lead to potential therapeutic targets for diseases characterized by bone loss.